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Overview
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ÅWhy study dust devils on Mars?

ÅMission Concept Overview

ÅAutonomous Pointing for Science Planning

ÅDust Devil Model

ÅOrbits, Camera, Communications

ÅDiscuss Simulation Results

ÅVisualization

ÅConclusion

Image credit: NASA/JPL-Caltech/Univ. of Arizona
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Dust Devil Activity on Mars

Image credits: 

NASA/JPL-Caltech/Univ. of Arizona
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Mission Architecture Overview
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Autonomous Pointing for Science Planning

ÅCentralized Integer Linear Programming (ILP) Algorithm

Å Discretize time horizon (equally spaced)

Å Discretized set of attitudes each s/c can point to

ÅPointing Function

Å We assume a pointing function is known

Å Regions, ongoing transient events that can be observed by each s/c, attitude at time t are known

ÅSlewing Constraints

Å Assume s/c canôt transition between arbitrary pairs of attitudes in one time step

Å For a given attitude, we denote the feasible set attitudes to transition to

ÅReward

Å Scheduler is rewarded accordingly for each a follow-on observation
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Autonomous Pointing for Science Planning

ÅDistributed Implementation

Å Shared-world implementation of the ILP

Å Every s/c independently detects dust devils in its own observations and adds detections to a local 

copy of a global event map

Å When two s/c are in contact, they reconcile their copies of the global event map by sharing their 

observations

Å Each spacecraft obtains a set of prescribed attitudes for the entire constellation and executes the 

pointing commands prescribed to itself by the ILP

ÅReceding Horizon

Å ILP is solved with a fixed time-horizon in the simulated results (15 mins)

Å As soon as new info is available, ILP resolves the problem with the same time-horizon

Å Receding horizon approach ensures that computation time is contained, while incorporating new 

information in the solution as soon as it becomes available.
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Dust Devils on Mars

ÅForm around low-pressure air pockets

ÅAir is drawn into narrow rising column through 

surrounding cooler air

ÅLargest dust devils: ~ 700m diameter, 8km height*

ÅOn average, one 13meter wide dust devil appears 

every sq km, everyday on Mars**

ÅOur model

Å Simple Random Model (temporal & spatial)

Å Lat < 70º 

Å 11am to 4pm local time

Å 1 per 10 sq km (conservative estimate)

Å Mean lifetime 26 mins

Å Dust devil track not included
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Kahanaa et al., ñMartian Dust Devil Observed Simultaneously by Imaging and by Meterological Measurementsò, 2018.

Jackson et al., ñ A Frame Work for Relating the Structure and Recovery Statistics in Pressure Time-Series Surveys for Dust Devilsò, 2018.
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Orbits, Field of View, Communication

Å Train of 5 cubesats (delivered as secondary payload)

Å Low-Mars, Sunsynchronous orbit (200km altitude)

Å LMO         resolve dust devils

Å SSO         same lighting conditions each pass

Å Two-body dynamics

Å 1 mins & 6 mins separation

Å Cubesat camera (HiREV*), res < 10m

Å Camera FOV boresight angle ~2.5º

Å Assume 5 camera positions 

(+10º, +5º, nadir, -5º, -10º)

Å Assume slew/settle time ~1min**

Å 1 min spacing ïcontinuous communication

Å 6 mins spacing ïneighboring cubesats only
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Cho et al., ñHigh-Resolution Image Video CueSat (HiREV): Development of Space Telescope Test Platform Using a Low-Cost CubeSat Platformò, 2019.

Tibbs, ñDesign and Test of an Attitude Determination and Control System for 6U Cubesatusing AFITôs CubesatTestbedò, 2015
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Orbit Simulation
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Generates a database of detected dust devil events, which is fed to the scheduler.


